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Abstract
7KH$JULIRRGLQGXVWULHVDUHFXUUHQWO\WKHODUJHVWVHFWRURI PDQXIDFWXULQJ
LQGXVWULHV7KH\DUHUHVSRQVLEOHIRUWKHPDQXIDFWXUHRI IRRGVZLWKQXWULWLR-
QDODQGRUJDQROHSWLFFKDUDFWHULVWLFVPXFKDSSUHFLDWHGE\FRQVXPHUV7KHVH
LQGXVWULHVFRQVXPHDORWRI HQHUJ\GXHWRWKHKLJKXVHRI FRROLQJV\VWHPV
7RPLQLPL]HSRZHUFRQVXPSWLRQWKHLQGXVWULHVDUHLQWHUHVWHGLQLPSOH-
PHQWLQJHQHUJ\HIÀFLHQF\PHDVXUHV,QWKLVVWXG\ZHDQDO\]HGDJULIRRG
LQGXVWULHV LQ WKH%HLUD ,QWHULRU UHJLRQ LQFHQWUDO3RUWXJDO WKHPHDW URZ
GDLU\ DQGKRUWLFXOWXUDO SURGXFWV LQRUGHU WR DVVHVVKRZ WKH\XVH HQHUJ\
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WKHOLVWRI HQHUJ\HIÀFLHQF\PHDVXUHVWRUHGXFHHQHUJ\FRQVXPSWLRQDQG
TXDQWLI\WKHSRWHQWLDOHQHUJ\VDYLQJVWKDWFDQEHDFKLHYHGZLWKWKHLPSOH-
PHQWDWLRQRI WKHVHPHDVXUHV7KHUHVXOWVVKRZHGPDQ\HQHUJ\HIÀFLHQF\
PHDVXUHVWKDWFDQEHDSSOLHGLQWKHVHLQGXVWULHVSDUWLFXODUO\LQEXLOGLQJVLQ
WKHFKDPEHUVDQGFRROLQJV\VWHPV
7KHDSSOLFDWLRQRI WKHVHHQHUJ\HIÀFLHQF\PHDVXUHVLQWKHLQGXVWULHVRI 
WKHVHWKUHHURZVDOORZVIRUYHU\VLJQLÀFDQWHQHUJ\VDYLQJV
Keywords$JULIRRGLQGXVWULHV&RROLQJV\VWHPV(QHUJ\HIÀFLHQF\6SH-
FLÀFHOHFWULFLW\LQGLFDWRU
Resumo
$V LQG~VWULDVDJURDOLPHQWDUHVVmRDQtYHO(XURSHXHHP3RUWXJDOXP
GRVPDLRUHVJUXSRVGDVLQG~VWULDVWUDQVIRUPDGRUDV(ODVVmRUHVSRQViYHLV
SHODGLVSRQLELOL]DomRGHXPDJUDQGHGLYHUVLGDGHGHSURGXWRVDOLPHQWDUHV
GH TXDOLGDGH VHJXURV H QXWULWLYRV SDUD XPPHUFDGR FRPPDLV PL-
OK}HVGHSHVVRDV*UHJyULR6HJXQGRD&,$$RVHFWRUGDV
LQG~VWULDVDJURDOLPHQWDUHVpWDPEpPFDUDFWHUL]DGRSRUVHUOtGHUQDiUHDGR
HPSUHJRQD8QLmR(XURSHLDFRPPLOHPSUHVDVPDLVGHPLOK}HV
GHSRVWRVGHWUDEDOKRUHVSRQViYHOSHODFRPSUDHWUDQVIRUPDomRGHGD
SURGXomRDJUtFRODHHQYROYHQGRXPHOHYDGRQ~PHURGH3HTXHQDVH0pGLDV
(PSUHVDV30(&,$$
'HXPDPDQHLUDJHUDO HVWDV LQG~VWULDV IDEULFDPSURGXWRVFRPPDLRU
YDORUDFUHVFHQWDGRDVVHQWHVHPSURFHVVRVSURGXWLYRVHVSHFtÀFRVRQGHDV
PDWpULDVSULPDVVmRWUDQVIRUPDGDVHPSURGXWRVÀQDLVFRPFDUDFWHUtVWLFDV
RUJDQROpWLFDV PXLWR DSUHFLDGDV SHORV FRQVXPLGRUHV &RQWXGR D PDLRULD
GHVWHVSURFHVVRVHQYROYHXPFRQMXQWRGHSURFHVVRVUHDOL]DGRVHPFRQGL-
o}HVDPELHQWDLVGHWHPSHUDWXUDHKXPLGDGHUHODWLYDPXLWRGLYHUVLÀFDGDV
3DUDDOpPGLVVRDVPDWpULDVSULPDVXWLOL]DGDVVmRPXLWRSHUHFtYHLVQHFHV-
VLWDQGRGHXPDHOHYDGDDSOLFDomRGRIULRSDUDJDUDQWLUDVXDFRQVHUYDomR
LPSOLFDQGRXPHQRUPHFRQVXPRGHHQHUJLDHOpWULFD
$WHQGHQGRDRGLQDPLVPRGHVWHVXEVHFWRUQRV~OWLPRVDQRVUHJLVWRXVH
XPDXPHQWRGRFRQVXPRGHHQHUJLDGDVLQG~VWULDVDOLPHQWDUHVGHYLGRjV
DOWHUDo}HVGRVKiELWRVDOLPHQWDUHV FRPUHFXUVRDFRPLGDSUpSUHSDUDGD
IDEULFRGHQRYRVSURGXWRVDOLPHQWDUHVHDXPHQWRGDVQRUPDVGHVHJXUDQoD
DOLPHQWDUDWUDYpVGHXPDIRUWHXWLOL]DomRGRVVLVWHPDVGHUHIULJHUDomR(VWD
WHQGrQFLDWHPSURSRUFLRQDGRTXHQDPDLRULDGRVFDVRVRVFXVWRVFRPD
HQHUJLDVHMDD WHUFHLUDSDUFHODPDLVGLVSHQGLRVDQRIXQFLRQDPHQWRGHVWDV
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LQGXVWULDVDVHJXLUDRVFXVWRVFRPDVPDWpULDVSULPDVHFRPRSHVVRDO5D-
PLUH](P3RUWXJDO VyQRDQRGH DV LQG~VWULDVDOLPHQWDUHV
IRUDPUHVSRQViYHLVSHORFRQVXPRGHGRV07HSGHHQHUJLDHOpWUL-
FDFRQVXPLGDSHORFRQMXQWRGDVLQG~VWULDVWUDQVIRUPDGRUDVGRQRVVRSDtV
$WRPDGDGHFRQVFLrQFLDGDSUREOHPiWLFDHQHUJpWLFDHDPELHQWDOQD(X-
URSDHHP3RUWXJDOHPSDUWLFXODUWHPVXVFLWDGRDQHFHVVLGDGHGDWRPDGDGH
PHGLGDVGHPHOKRULDGDHÀFLrQFLDHQHUJpWLFDQDVLQG~VWULDV3DUDRHIHLWRHP
3RUWXJDOIRLDSURYDGDHLPSOHPHQWDGDOHJLVODomRHVSHFtÀFDSDUDDLQG~VWULD
GDTXDOVHGHVWDFDR'HFUHWR/HLQGHGH$EULOTXHREULJDDV
LQGXVWULDVTXHFRQVRPHPDQXDOPHQWHPDLVGRTXH7HSDUHDOL]DUHPDX-
GLWRULDVHQHUJpWLFDVHDLPSOHPHQWDUHPSODQRVGHUDFLRQDOL]DomRGHHQHUJLD
&RPYLVWDDDYDOLDURPRGRGHXWLOL]DomRGDHQHUJLDHRSRWHQFLDOHQHU-
JpWLFRTXHpSRVVtYHODOFDQoDUPHGLDQWHDSOLFDomRGHPHGLGDVVLPSOHVGH
HÀFLrQFLDHQHUJpWLFDDYDOLDUDPVHLQG~VWULDVDJURDOLPHQWDUHVORFDOL]DGDV
QDUHJLmRGR,QWHULRUGR&HQWURGH3RUWXJDO(VWHHVWXGRHQYROYHXLQG~V-
WULDVGDÀOHLUDGDFDUQHQ ÀOHLUDGRVODFWLFtQLRVQ HGDÀOHLUDGDV
KRUWRIUXWtFRODV Q 'HQWUR GH FDGD XPDGHVWDV ÀOHLUDV DV LQG~VWULDV
IRUDPGLYLGLGDVHPFDWHJRULDVGHDFRUGRFRPRVHXSURFHVVRSURGXWLYRH
SURGXWRV REWLGRV GD VHJXLQWH IRUPDPDWDGRXURV VDOVLFKDULDV LQG~VWULDV
GHSUHVXQWRLQG~VWULDVGHIDEULFRGHTXHLMRGHPRGRDUWHVDQDOHGHPRGR
LQGXVWULDO LQG~VWULDV GH UHYHQGD GH KRUWRIUXWtFRODV H ÀQDOPHQWH FHQWUDLV
GHIUXWD$LQIRUPDomRIRLUHFROKLGDGLUHWDPHQWHQDVLQG~VWULDVDWUDYpVGR
SUHHQFKLPHQWRGHXPLQTXpULWRXPDDQiOLVHItVLFDLQORFRGDVLQIUDHVWUX-
WXUDVHSURFHVVRVGHIDEULFRHDUHDOL]DomRGHDXGLWRULDVHQHUJpWLFDV3DUD
DPHGLomRGDVGLIHUHQWHVJUDQGH]DVItVLFDVXWLOL]DPRVGRLVDQDOLVDGRUHVGH
HQHUJLDGHPDUFD&LUFXWRU&,(HXPDSLQoDDPSHULPpWULFDGHPDUFD(V-
FRUW(&7XPHTXLSDPHQWRGLJLWDO7HVWRFRPVRQGDPXOWLIXQ-
omRGHWHPSHUDWXUDHKXPLGDGHUHODWLYD'DWDORJJHUVGHWHPSHUDWXUDH
KXPLGDGHUHODWLYDXPPHGLGRUGHGLVWkQFLDVGHPDUFD%RVFK'/(GHLQ-
IUDYHUPHOKRVHXPDFkPDUDWHUPRJUiÀFDGHPDUFD7HVWR
3DUDHIHLWRVFRPSDUDWLYRVGRGHVHPSHQKRHQHUJpWLFRGDVLQG~VWULDVGD
PHVPDÀOHLUDRXFRPLQG~VWULDVORFDOL]DGDVQRXWURVSDtVHVUHDOL]DPRVWDP-
EpPXPDDQiOLVHGHEHQFKPDUNLQJPHGLDQWHDXWLOL]DomRGRLQGLFDGRUHV-
SHFtÀFRGHHQHUJLDHOpWULFD,(((HOpFWULFDGHWHUPLQDGRSHODHTXDomR
,(((HOpWULFR  &RQVXPRGHHQHUJLDHOpFWULFDDQXDON:K  4XDQWLGDGHGHPDWpULDSULPDDQXDOWUDQVIRUPDGDWRQ03 
1HVWDDQiOLVHRVVLVWHPDVGHUHIULJHUDomRIRUDPDOYRGHPDLRUDWHQomR
SRLVVmRHOHVRVUHVSRQViYHLVSHODREWHQomRGDVFRQGLo}HVDPELHQWDLVXWLOL]D-
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GDVQDVGLIHUHQWHVHWDSDVQRIDEULFRGDVFDUFDoDVHQFKLGRVSUHVXQWRTXHLMR
HDUUHIHFLPHQWRHFRQVHUYDomRGDVKRUWRIUXWtFRODV2VHXSULQFLSDOREMHWLYR
pREWHUDWHPSHUDWXUDHKXPLGDGHUHODWLYDQRLQWHULRUGHXPDPELHQWHRX
FkPDUDGHUHIULJHUDomRUHWLUDQGRRFDORUDtJHUDGRIRQWHIULDHWUDQVIHULOR
SDUDRXWURORFDOQRPHDGDPHQWHRDUDWPRVIpULFRRXDiJXDIRQWHTXHQWH
(VWDRSHUDomRpPDLRULWDULDPHQWHH[HFXWDGDSHORVVLVWHPDVGHUHIULJHUDomR
GHFRPSUHVVmRPHFkQLFDDYDSRUTXHFRQVRPHPPXLWDHQHUJLDHOpWULFDSDUD
DFLRQDPHQWRGRVFRPSUHVVRUHVHYHQWLODGRUHVGRVFRQGHQVDGRUHVHHYDSR-
UDGRUHVHDLQGDERPEDVKLGUiXOLFDVHPVLVWHPDVVHFXQGiULRV1DÀJXUD
DSUHVHQWDVHRHVTXHPDGRVLVWHPDGHUHIULJHUDomRGHFRPSUHVVmRPHFkQL-
FDDYDSRUGHFLUFXLWRGLUHWRFRQVWLWXtGRSHORVTXDWURHOHPHQWRVSULQFLSDLV
FRPSUHVVRUFRQGHQVDGRUYiOYXODGHH[SDQVmRHHYDSRUDGRU
Figura 1²(VTXHPDGRVLVWHPDGHUHIULJHUDomRGHFRPSUHVVmRPHFkQLFDDYDSRUGHFLUFXLWRGLUHWR
2FRQVXPRGHHQHUJLDHOpWULFDGHVWHVVLVWHPDVGHSHQGHGHYiULRVIDWR-
UHVGRVTXDLVVHGHVWDFDPRVVHJXLQWHVFDUDFWHUtVWLFDVGDVLQIUDHVWUXWXUDV
FDUJDV WpUPLFDV FDUDFWHUtVWLFDV GRV VLVWHPDV FDUDFWHUtVWLFDV GDV FkPDUDV
WLSRGHÁXLGRIULJRUtJHQRWLSRGHXWLOL]DomRTXDOLGDGHGDLQVWDODomRPDQX-
WHQomRHWHPSRGHRSHUDomR5HLQGOet al., 2005).
(PUHODomRjVLQIUDHVWUXWXUDVGDVLQG~VWULDVGDVWUrVÀOHLUDVFRQVWDWDPRV
TXHSRVVXHPXPDiUHDFREHUWDLQIHULRUDP2RVPDWHULDLVGDVSDUH-
GHVVmRGHDOYHQDULDDVFREHUWXUDVVmRPDLRULWDULDPHQWHGHFKDSDVGH
ÀEURFLPHQWRRVGHVYmRVVmRSRXFRDUHMDGRVRXDWpIHFKDGRVD
LGDGHpVXSHULRUDDQRVHH[LVWHPPXLWDVFkPDUDVGHUHIULJHUDomRFRQVWUXt-
GDVHPDOYHQDULDPXLWDVGHVWDVFRPXPHOHYDGRHVWDGRGHGHJUDGDomR
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7DPEpPYHULÀFDPRVTXH H[LVWH XPD JUDQGHGLIHUHQoDGRQ~PHURGH
FkPDUDVGHUHIULJHUDomRQDVLQG~VWULDVGDVWUrVÀOHLUDVVHQGRHPPpGLDLJXDO
SDUD DÀOHLUDGDVKRUWRIUXWtFRODV SDUD DGRV ODFWLFtQLRV HSDUD DV
LQG~VWULDVGHSUHVXQWRGDÀOHLUDGDFDUQH'HLJXDOPRGRDVXDYROXPHWULD
WDPEpPpYDULiYHO VHQGRHPPpGLD LJXDODPSDUDDGRVPDWDGRX-
URVPSDUDDGRVODFWLFtQLRVHP para a das centrais de fruta. A 
HVSHVVXUDGDVSDUHGHVGDVFkPDUDVGHUHIULJHUDomRFRQVWUXtGDVHPSDLQpLV
GHSROLXUHWDQRVmRHPPpGLDLJXDLVDRXPPHDVGHDOYHQDULDHQWUH
DPP3DUDDOpPGHVHWHUFRQVWDWDGRTXHHVWDHVSHVVXUDpUHGX-
]LGDDFUHVFHDLQGDTXHQXPHOHYDGRQ~PHURGHFkPDUDVDVVXDVSDUHGHV
DSUHVHQWDPÀVVXUDVHDVYHGDo}HVGDVSRUWDVHVWmRGHJUDGDGDVTXHFXPX-
ODWLYDPHQWHVmRIDWRUHVTXHFRQWULEXHPPXLWRSDUDRDXPHQWRGDVFDUJDV
WpUPLFDVQRVHXLQWHULRU
2VSUREOHPDVHQFRQWUDGRVQRGRPtQLRGDVLQIUDHVWUXWXUDVHGDDFWLYLGD-
GHTXHFRQWULEXHPSDUDDXPHQWDURLQGLFDGRUHVSHFtÀFRGHHQHUJLD,(((
IRUDPGHJUDGDomRDYDQoDGDGDV LQIUDHVWUXWXUDVHVREUHGLPHQVLRQDPHQWR
GRVHGLItFLRVGHÀFLHQWHLVRODPHQWRWpUPLFRGDVHQYROYHQWHVHGDVFkPDUDV
GHUHIULJHUDomRGHVYmRVSRXFRYHQWLODGRVRQGHVHUHJLVWDPWHPSHUDWXUDV
PXLWRHOHYDGDVLQH[LVWrQFLDGHDQWHFkPDUDVUHDOL]DomRGDDFWLYLGDGHDFDUJD
SDUFLDOH[LVWrQFLDGHIRQWHVGHFDORUSUy[LPRGDVHQWUDGDVGDVFkPDUDVGH
UHIULJHUDomRDEHUWXUDH[FHVVLYDGDVSRUWDVGDVFkPDUDVHPDXLVRODPHQWR
GDVSRUWDVHDQmRXWLOL]DomRGHFRUWLQDVGHDUHÀWDVGHSOiVWLFR
1DÀJXUDDSUHVHQWDPRVWUrVLPDJHQVWHUPRJUiÀFDVUHSUHVHQWDWLYDVGD
GHÀFLrQFLDGDVYHGDo}HVGDVSRUWDVGDVFkPDUDVGHUHIULJHUDomRSHUPLWLQGR
DVDtGDGHDUIULRGRVHXLQWHULRUHVLPXOWDQHDPHQWHDHQWUDGDGHDUTXHQWH
Figura 2²,PDJHQVWHUPRJUiÀFDVFRPLQGLFDomRGDLQÀOWUDomRGHDUDWUDYpVGDVSRUWDVGDVFkPDUDV
IULJRUtÀFDV
2VVLVWHPDVGHUHIULJHUDomRXWLOL]DGRVQDVLQG~VWULDVGDVWUrVÀOHLUDVVmR
PXLWRGLYHUVLÀFDGRV HGLVWULEXtGRVSHORV VHJXLQWHV WLSRV VLVWHPDV LQGLYL-
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duais, centrais de frio direto, centrais de frio indireto, unidades de conden-
VDomRXQLGDGHVFRPSDFWDVHXQLGDGHVGHWUDWDPHQWRGRDU$VXQLGDGHVGH
FRQGHQVDomRVmRPXLWRXWLOL]DGDVSHODVXDVLPSOHVFRQÀJXUDomRHIDFLOLGDGH
GHLQVWDODomRPDVpRWLSRGHVLVWHPDTXHDSUHVHQWDPDLRUHVFRQVXPRVGH
HQHUJLD$VXQLGDGHVGHWUDWDPHQWRGRDUVmRPXLWRXWLOL]DGRVQDVLQG~VWULDV
GDVVDOVLFKDULDVGHIDEULFRGHSUHVXQWRHGRTXHLMRSRUTXHSHUPLWHPRE-
WHUDVFRQGLo}HVDPELHQWDLVGHWHPSHUDWXUDHKXPLGDGHUHODWLYDDGHTXDGDV
SDUDUHDOL]DUHPDVRSHUDo}HVGHVHFDJHPHHVWXIDJHPHVSHFtÀFDVGHFDGD
XPGRVSURFHVVRVGHIDEULFRHDSUHVHQWDPWDPEpPHOHYDGRVFRQVXPRVGH
HQHUJLD2VSULQFLSDLVSUREOHPDVHQFRQWUDGRVQHVWHVVLVWHPDVHTXHFRQWUL-
EXHPSDUDDXPHQWDURLQGLFDGRUHVSHFtÀFRGDHQHUJLDHOpWULFD,(((VmRR
HOHYDGRWHPSRGHRSHUDomRGRVHTXLSDPHQWRVLGDGHHIDOWDGHPDQXWHQ-
omRORFDOL]DomRGHÀFLHQWHGRVHTXLSDPHQWRVORFDLVTXHQWHVFRPRVyWmRV
HUHFLQWRVGHÀFLHQWHLVRODPHQWRGDVFRQGXWDVGHDVSLUDomRVREUHDTXHFL-
PHQWRVHOHYDGRVIDOWDGHVLVWHPDVGHFRPDQGRVDXWRPiWLFRVHYDULDGRUHV
GHYHORFLGDGHXWLOL]DomRGHVDOWRVWpUPLFRVHOHYDGRVPDXLVRODPHQWRGRV
WDQTXHVHGDVFRQGXWDVGDVFHQWUDLVGHiJXDJHODGDXWLOL]DomRGHVLVWHPDV
HHTXLSDPHQWRVGHUHIULJHUDomRVXEGLPHQVLRQDGRVQmRDSURYHLWDPHQWRGR
FDORUVHQVtYHOHODWHQWHGRÁXLGRIULJRUtJHQRHDQmRXWLOL]DomRGHVLVWHPDV
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